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CASE STUDY: Museum Visit 


Four-year-old Billy is fascinated by dinosaurs. He and his mother have read many children's books about 
inosaurs, so he already has some knowledge about these creatures and the geological time periods in which 
hey lived. As Billy and his mother visit a dinosaur exhibit at a natural history museum, they have the following 


n; 


This is a real dinosaur rib bone. Where are your ribs? Where are your ribs? No that's your wrist. 


Very close. 
Oh, yeah, right here. 
Yeah, that’s right. Here. Protecting your heart ... and your 


lungs. And this was one from a 


dinosaur from the Jurassic period, also found from our country. In a place called Utah. 


And this one . . . [Mother picks up a piece of fossilized dinosa 


ur feces, known as coprolite] Oh! 


You're not . . . guess what that is. Look at it and guess what that is. 


Um, what? 
Guess. What's it look like? 
His gum? What? Mom! 
It's dinosaur poop. 
Ooooo! (laughs) 

That’s real dinosaur poop. 
| touched it! (laughs. 


It's so old that it doesn’t smell anymore. It turned to rock. It’s not mushy like poop. It’s like a rock. 
And that’s from the Cretaceous period but we don’t know what dinosaur made it. And this was 
also found in our country in Colorado. | think that’s pretty funny. 


What's this? 
So this one... . Oh, that’s called . . . that’s a stone that dinosa 


urs . . . remember in your animal 


book it says something about how sometimes chickens eat stones to help them digest—it helps 


them mush up their food in their tummy? 
Yeah. 
Well, dinosaurs ate stones to mush up their food 
that they ate. They're so big, that to them this was a little stone. 
Colorado. (dialogue is from Crowley & Jacobs, 2002, p. 346; “Bil 


nowledge does Billy already have that can help him understa 


dinosaur exhibit? 


e What 


a Excerpt from LEARNING CONVERSATIONS IN MUSEUMS by Kevin Crowley. Copyright © 2002 by Kevin Crowley. Reprinted with 


does Mother do to help her son make sense of the exhibit? 


permission via Copyright Clearance Center. 


in their tummy and this was one of the stones 


Right? And that also comes from 
y” is a pseudonym.)? 


nd what he sees in the 


OBJECTIVES 


1: Identify and explain the seven 
key principles in Piaget's theory 
of cognitive development. 


2: Describe the abilities and 

limitations of children at each of 
Piaget's four stages of cognitive 
development. 


3: Evaluate Piaget's stage theory 

in light of contemporary research 
in cognitive development, including 
neo-Piagetian perspectives. 


4: Design learning experiences 
for children that are consistent 
with Piaget's principles and stages. 


5: Identify the nine key principles 
in Vygotsky's theory of cognitive 
development, and note the ways 
in which this theory is similar to 

and unlike Piaget's theory. 


6: Evaluate Vygotsky's theory and 
the contemporary perspectives 
that have built on his ideas. 


7: Use principles from Vygotsky's 
theory and from Vygotsky's 
followers to support children’s 
learning. 
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Case Study: Museum Visit 


Piaget's Theory of Cognitive 
Development 


Vygotsky's Theory 
of Cognitive Development 


Comparing Piagetian and 
Vygotskian Perspectives 


Summary 


Applying Concepts in Child 
Development 


constructivism 

Theoretical perspective proposing 
that learners construct a body of 
knowledge and beliefs, rather than 
absorbing information exactly as it 
is received. 


clinical method 

Procedure in which an adult probes 
a child’s reasoning about a task or 
problem, tailoring questions in light 
of what the child has previously said 
or done in the interview. 


COGNITIVE DEVELOPMENT: PIAGET AND VYGOTSKY 


Thanks to the many books that 4-year-old Billy and his mother have previously read together, 
Billy appears to know a lot about dinosaurs and other animals. He is familiar with the words 
Jurassic and Cretaceous, and he knows that some animals have stones in their stomachs to 
aid digestion. Mother helps him connect what he is seeing to his prior knowledge—not only 
about geological periods and stomach stones but also about more commonplace concepts 
such as ribs and “poop.” Yet Billy, like all children, is not simply a “sponge” who passively 
soaks up the information that his environment provides. Instead, his cognitive development 
is in large part the result of his own active efforts to make sense of his world. 

As we begin our examination of cognitive development in this chapter, we consider 
the classic developmental theories of Jean Piaget and Lev Vygotsky, both of whom exam- 
ined the active manner in which children learn. The perspective of children actively creating 
rather than passively absorbing knowledge is known as constructivism. Formulated in the 
first few decades of the 20th century, these two constructivist theories have provided much 
of the foundation for our current understanding of how children think. Between them, the 
two theories tell us a great deal about how children make sense of everyday events both on 
their own and in collaboration with adults and peers. As you will find out, the two theories 
also have much to say about how parents, teachers, and other adults can help children learn 
effectively. 


PIAGET’S THEORY OF COGNITIVE DEVELOPMENT 


Jean Piaget (1896-1980) was formally trained as a biologist. But he had an interest in 
philosophy as well and was especially curious about the nature of knowledge and how 
it changes with development. In the 1920s he began to observe the everyday actions of 
infants and children and to draw inferences about the thinking and reasoning that seemed 
to underlie their behavior. In his laboratory in Geneva, Switzerland, Piaget pioneered the 
clinical method, a procedure in which an adult presents a task or problem and asks a 
child a series of questions about it, tailoring later questions to the child’s previous responses. 
Drawing from these observations and interviews, Piaget developed a theory of cognitive 
development that has contributed a great deal to our understanding of how children and 
adolescents think and learn (e.g., Piaget, 1928, 1952b, 1959, 1985). 


Key Ideas in Piaget's Theory 
Central to Piaget’s theory are the following seven principles: 


Children are active and motivated learners. In 
the chapter-opening case study, Billy seems quite ea- 
ger to make sense of the fossils he sees in the natural 
history museum. Piaget proposed that children are 
naturally curious about their world and actively seek 
out information that can help them interpret and un- 
derstand it (e.g., Piaget, 1952b). They often experi- 
ment with the objects they encounter, manipulating 
them and observing the effects of their actions. For 
example, we authors think back to the days when our 
children were in high chairs, experimenting with their 
food (pushing, squishing, dropping, and throwing it) 
as readily as they would eat it. 

Many contemporary theorists share Piaget’s view 
that much of a human being’s motivation for learning 
comes from within. It appears that growing children 
are naturally inclined to try to make sense of the peo- 


EUREKA! Piaget explained that children develop cognitively as they ple, objects, and events around them (e.g., K. Fischer, 
explore their world. Stockbyte/Thinkstock 2005; Hunnius & Bekkering, 2010; K. Nelson, 1996a). 
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You can see an example of such intrinsic motivation in the “Cognitive Development: Early 
Childhood” video in MyEducationLab, in which 2-year-old Maddie encounters an intriguing 
new object and actively manipulates it to discover its properties. 


Children organize what they learn from their experiences. Children don’t just amass 
the things they learn into a collection of isolated facts. Instead, they pull their experiences 
together into an integrated view of how the world operates. By observing that food, toys, and 
other objects always fall down (never up) when released, children begin to construct a basic 
understanding of gravity. As they interact with family pets, visit zoos, look at picture books, 
and observe creatures around them, they develop an increasingly complex understanding of 
animals. Piaget depicted learning as a very constructive process: Children create (rather than 
simply absorb) their knowledge about the world. 

In Piaget’s terminology, the things that children learn and can do are organized as 
schemes, groups of similar actions or thoughts that are used repeatedly in response to the 
environment. Initially, children’s schemes are largely behavioral in nature, but over time they 
become increasingly mental and, eventually, abstract Inhelder & Piaget, 1958, Piaget, 1952b, 
1954). An infant may have a behavioral scheme for putting things in her mouth, an action 
that she uses in dealing with a variety of objects, including her thumb, toys, and blanket. 
A 7-year-old may have a mental but relatively concrete scheme for identifying snakes, one 
that includes their long, thin bodies, their lack of legs, and their slithery nature. As a 13-year- 
old, Jeanne’s daughter Tina had her own opinion about what constitutes fashion, an abstract 
scheme that allowed her to classify various articles of clothing on display at the mall as being 
either “totally awesome” or “really stupid.” 

Piaget proposed that children use newly acquired schemes over and over in both 
familiar and novel situations. For example, in the “Cognitive Development: Infancy” video 
in MyEducationLab, you can observe 16-month-old Corwin repeatedly taking a toy out of a 
paper bag and then putting it back in. In the process of repeating their schemes, children 
refine them and begin to use them in combination. Eventually, they integrate schemes into 
larger systems of mental processes called operations. This integration allows children to 
think in increasingly sophisticated ways. For example, a child may integrate separate schemes 
for ordering blocks by size and placing one block on another into a new ability for building 
a stable pyramid tower. 


Children adapt to their environment through the processes of assimilation and 
accommodation. According to Piaget, children’s developing schemes allow them to adapt in 
ever more successful ways to their environment. Such adaptation occurs as a result of two 
complementary processes: assimilation and accommodation (e.g., Piaget, 1954). Assimilation 
entails responding (either physically or mentally) to an object or event in a way that is 
consistent with an existing scheme.’ An infant may assimilate a ball into her putting-things- 
in-the-mouth scheme, and a 7-year-old may quickly identify a new slithery object in the 
backyard as a snake. 

Yet children must typically adjust their existing schemes at least a little bit in order to 
respond to a new object or event. Thus one of two forms of accommodation is likely to 
occur. Children will either modify an existing scheme to account for the new object or event 
or else form an entirely new scheme to deal with it. For example, an infant may have to 
open her mouth wider than usual to accommodate a large plastic ball or teddy bear’s paw. 
The 7-year-old may find a long, slithery thing with a snakelike body that cannot possibly be 
a snake because it has four legs. After making inquiries, he will develop a new scheme— 
salamander—for this creature. 

Assimilation and accommodation work hand in hand as children develop understand- 
ings of the world. Children interpret each new event within the context of their existing 
knowledge (assimilation) but at the same time modify their knowledge as a result of the 
new event (accommodation). In the chapter-opening case study, Billy initially thinks that 
the piece of coprolite is a large wad of dinosaur gum—that is, he mistakenly assimilates the 


‘Note that Piaget’s concept of assimilation is quite different from the process of cultural assimilation. 


Observe Maddie experiment with 

a new object in the “Cognitive 
Development: Early Childhood” video. 
(Find Video Examples in Topic 6 of 
MyEducationLab.) 


<u. k 


Observe Corwin repeatedly using his 
“putting-in” and “taking-out” schemes 
in the “Cognitive Development: 
Infancy” video. (Find Video Examples 
in Topic 6 of MyEducationLab.) 


scheme 

In Piaget's theory, an organized 
group of similar actions or thoughts 
that are used repeatedly in 
response to the environment. 


operation 
In Piaget's theory, an organized and 
integrated system of logical thought 
processes. 


assimilation 

In Piaget's theory, process of 
responding (either physically or 
mentally) to a new event in a way 
that is consistent with an existing 
scheme. 


accommodation 

Process of responding to a new 
event by either modifying an exist- 
ing scheme or forming a new one. 
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Bioecology of Child Development 


Piaget testified to the informative 
lessons a child receives during his 
or her dynamic interactions with the 
physical and social environments. 


equilibrium 
State of being able to address new 
events using existing schemes. 


disequilibrium 
State of being unable to address 
new events with existing schemes. 


equilibration 

Movement from equilibrium 
to disequilibrium and back 

to equilibrium; a process that 
promotes the development 
of increasingly complex forms 
of thought and knowledge. 
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object into his “chewing gum” scheme. But with his mother’s help, he creates a new scheme, 
“fossilized dinosaur poop,” that more accurately accounts for what he is seeing. Later Mother 
helps Billy assimilate a large stone into a “stones-that-help-digestion” scheme he has previ- 
ously acquired. In the process, however, he must also modify this scheme so that it applies 
to dinosaurs as well as to chickens. 


Interaction with the physical environment is critical for cognitive development. By 
exploring and manipulating the world around them—by conducting many little “experiments” 
with various objects and substances—children learn the nature of their physical world and 
continue to revise their existing schemes. The following anecdote from a preschool teacher 
illustrates this process: 


Tommy. . . had built a tower on a base of three regular blocks on end, with a round, flat piece 
of Masonite on top. Then on top of this were three more blocks and Masonite, supporting in 
turn a third story. . . . The tower was already taller than Tommy, and he had a piece of trian- 
gular Masonite in hand and was gently testing the tower’s steadiness against his taps. Small 
taps and the tower would lean, settle, and become still. Again and again he varied the strength 
and place of the taps; watched, waited, tapped again, and finally—on purpose—did hit hard 
enough to topple the structure. Then the entire process of building the tower and testing it 
was repeated. (Hawkins, 1997, p. 200)? 


Interaction with other people is equally critical. Piaget suggested that children learn 
a great deal from interacting with their fellow human beings. As you will discover shortly, 
preschoolers can have difficulty seeing the world from anyone’s perspective but their own. 
By conversing, exchanging ideas, and arguing with others, they gradually come to realize that 
individuals often see things differently and that their own view of the world is not necessarily 
completely accurate. Likewise, older children and adolescents may begin to recognize logical 
inconsistencies in what they say and do when someone else points out these discrepancies. 


The process of equilibration promotes increasingly complex forms of thought. Piaget 
proposed that children are sometimes in a state of equilibrium: They can comfortably 
address new situations using their existing schemes and operations. But equilibrium 
doesn’t continue indefinitely. In their daily lives children regularly encounter circumstances 
for which their present knowledge and skills are inadequate. These circumstances create 
disequilibrium, a sort of mental “discomfort” that spurs children to try to deal with the 
situation at hand. By replacing or reorganizing certain schemes, children may be better able 
to address the situation, and so they can return to equilibrium. This process of moving from 
equilibrium to disequilibrium and back to equilibrium again is known as equilibration 
(e.g., Inhelder & Piaget, 1958). In many instances the end result is a better integrated, more 
inclusive, and more stable set of schemes and operations than children had previously. Thus, 
Piaget suggested, the equilibration process gradually leads to increasingly complex levels of 
thought and knowledge. 

Piaget was a bit vague about how the processes of assimilation, accommodation, and 
equilibration actually work (e.g., diSessa, 2006; Klahr, 1982; Morra et al., 2008). Nevertheless, 
contemporary developmentalists accept that children’s new ideas are based on their earlier 
ones and that inconsistencies can sometimes spur children to develop more sophisticated 
understandings and abilities. Developmentally speaking, then, more advanced knowledge, 
skills, and cognitive processes don’t just appear out of thin air—they emerge out of children’s 
quest for understanding, creative thinking processes, and discontent with their current 
knowledge. 


Children think in qualitatively distinct ways at different age levels. Piaget proposed that 
as a result of brain maturation, environmental experiences, and children’s natural desire to 
make sense of their world, cognitive abilities continue to undergo qualitative changes over 
the course of childhood and adolescence. He characterized youngsters’ cognitive abilities as 


?Excerpt from JOURNEYS WITH CHILDREN by Frances Hawkins. Copyright © 1997 by University Press of Colorado. 
Reprinted with permission of the publisher. 
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falling into four general stages of development (e.g., Piaget, 1971). The abilities at any one 
stage are constructed out of the accomplishments of any preceding stages. Thus, the four 
stages are hierarchical—each one depends on its predecessors—and so children progress 
through them in a predictable order. To a considerable degree, they are also assumed to be 
universal, characterizing the cognitive development of children throughout the world. 

As you will discover later in the chapter, many psychologists question the notion that 
cognitive development is as stagelike as Piaget suggested. Nevertheless, Piaget’s stages pro- 
vide helpful insights into the nature of children’s thinking at different age levels, and so we 
will look closely at them. 


Piaget's Stages of Cognitive Development 


Piaget’s four stages are summarized in Table 1. The ages of onset for all but the sensorimo- 
tor stage are averages: Some children show characteristics associated with a particular stage 
a bit earlier, others a little later. Keep in mind, too, that many children are apt to be in transi- 
tion from one stage to the next, displaying characteristics of two adjacent stages at the same 
time. Furthermore, children and adolescents don’t always take advantage of their advanced 


TABLE 14 Examples of Acquisitions Associated with Each of Piaget's Four Stages 


STAGE AGE OF ONSET? GENERAL DESCRIPTION EXAMPLES OF ACQUISITIONS 
Sensorimotor Begins at birth Schemes are based largely on behaviors e Trial-and-error experimentation: Exploration and manipula- 
and perceptions. Especially in the early part tion of objects to determine their properties 
of the stage, children cannot think about e Goal-directed behavior: Intentional behavior to bring about a 
things that are not immediately in front of desired result 
them, and so they focus on what they are e Object permanence: Realization that objects continue to 
doing and seeing at the moment. exist even when removed from view 
e Symbolic thought: Representation of physical objects and 
events as mental entities (symbols) 
Preoperational Appears at about Thanks in part to their rapidly developing e Language: Rapid expansion of vocabulary and grammatical 
age 2 symbolic thinking abilities, children can now structures 
think and talk about things beyond their e Extensive pretend play: Enactment of true-to-life or fanciful 
immediate experience. However, they do scenarios with plots and assigned roles (e.g., mommy and 
not yet reason in logical, adult-like ways. daddy, hunter and prey, or hero and villain) 
e Intuitive thought: Some logical thinking based on “hunches” 
and “intuition” rather than on conscious awareness of logical 
principles (especially after age 4) 
Concrete Appears at about Adult-like logic appears but is limited e Distinction between one’s own and others’ perspectives: 
Operations age 6 or 7 to reasoning about concrete, real-life Recognition that one’s own thoughts and feelings may be 
situations. different from those of others and do not necessarily reflect 
reality 
e Class inclusion: Ability to classify objects as belonging to two 
or more categories simultaneously 
Conservation: Realization that amount stays the same if 
nothing is added or taken away, regardless of alterations in 
shape or arrangement 
Formal Appears at about Logical reasoning processes are applied to Reasoning about abstract, hypothetical, and contrary-to-fact 
Operations age 11 or 12 abstract ideas as well as concrete objects ideas: Ability to draw logical deductions about situations tha 
and situations. Many capabilities essential have no basis in physical reality 
for advanced reasoning in science and Separation and control of variables: Ability to test 
mathematics appear. hypotheses by manipulating one variable while holding othe 
variables constant 
Proportional reasoning: Conceptual understanding of 
fractions, percentages, decimals, and ratios 
Idealism: Ability to envision alternatives to current social and 


political practices (sometimes with little regard for what is 


realistically possible in a given time frame) 


The ages presented for the preoperational, concrete operations, and formal operations stages are averages: For some children, characteristics associated with each stage appear a bit earlier; 
for others, they appear a little later. 
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Observe exploratory and goal- 
directed behaviors in the “Emotional 
Development: Infancy” and “Cognitive 
Development: Infancy” videos. 

(Find Video Examples inTopic 6 

of MyEducationLab.) 


Preparing for Your 
Licensure Examination 
Your teaching test might ask you 
about the major cognitive advance- 
ments that children achieve during 
each of Piaget’s four stages. 


goal-directed behavior 
Intentional behavior aimed at 
bringing about an anticipated 
outcome. 


object permanence 

Realization that objects continue 
to exist even when they are out 
of sight. 


symbolic thought 

Ability to mentally represent and 
think about external objects 

and events. 
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Sensorimotor 
Stage 


Preoperational 
Stage 


Concrete 
Operations Stage 


Formal 
Operations Stage 


2 y y 


Age 2 Age 61/2 Age 111/2 
FIGURE 1 Emerging and continuing abilities. Children develop abilities associated with 
more advanced Piagetian stages slowly over time, and they don’t entirely leave behind the 
characteristics associated with previous stages. 


cognitive abilities, and so they may show considerable variability in level of thinking in their 
day-to-day activities (Chapman, 1988; Piaget, 1960b). Figure 1 depicts the transitional and 
flexible nature of children’s progress through the stages. 


Sensorimotor Stage (beginning at birth) 


Piaget believed that in the first month of life, infants’ behaviors are little more than biologi- 
cally built-in responses to particular stimuli—that is, they are reflexes (e.g., sucking on a 
nipple)—that help keep them alive. In the second month infants begin to exhibit voluntary 
behaviors that they repeat over and over, reflecting the development of perception- and 
behavior-based sensorimotor schemes. Initially, such behaviors focus almost exclusively on 
infants’ own bodies (e.g., putting one’s fist in one’s mouth), but eventually they involve 
nearby objects as well. For much of the first year, Piaget suggested, infants’ behaviors are 
largely spontaneous and unplanned. Seven-month-old Madison is clearly intrigued by a va- 
riety of toys that happen to be nearby her in the “Emotional Development: Infancy” video 
in MyEducationLab. 

Late in the first year, after repeatedly observing that certain actions regularly lead to 
certain consequences, infants gradually acquire knowledge of cause-and-effect relationships. 
At this point, they begin to engage in goal-directed behavior: They behave in ways that 
they know will bring about desired results. An infant who pulls a blanket to retrieve a small 
object lying on it shows goal-directed behavior. At about the same time, infants acquire 
object permanence, an understanding that physical objects continue to exist even when 
they are out of sight. In the “Cognitive Development: Infancy” video in MyEducationLab, 
16-month-old Corwin shows object permanence when he looks for a toy elephant that his 
mother repeatedly hides. His searches under a pillow are directed toward a particular goal: 
finding the elephant. 

Piaget believed that for much of the sensorimotor period, children’s thinking is restricted 
to objects in their immediate environment—that is, to the here and now. But in the latter 
half of the second year, young children develop symbolic thought, the ability to represent 
and think about objects and events in terms of internal, mental entities, or symbols (Piaget, 
1962). They may “experiment” with objects in their minds, first predicting what will happen 
if they do something to an object—say, if they give a toy car a hard push toward the edge 
of a tabletop—and then putting their plans into action. They may also recall and imitate 
behaviors they have seen other people exhibit—for instance, “talking” on a toy telephone or 
“driving” with a toy steering wheel. 

The acquisitions of the sensorimotor stage are basic building blocks on which later 
cognitive development depends. The Observation Guidelines table “Assessing Cognitive 
Advancements in Infants and Toddlers” presents some of the behaviors you might look for 
as you work with these small learners. 
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OBSERVATION GUIDELINES 


LOOK FOR 


EXAMPLE 


IMPLICATION 


Provide a variety of visual, auditory, and tactile 
stimuli; for instance, play “This little piggy” with 
an infant's toes, hang a mobile safely over the 
crib, and provide age-appropriate objects (e.g., 


rattles, plastic cups). Be patient and responsive 


Repetition e Repetition of actions involving the Myra waves her arms, stops, 
of Gratifying child's own body and waves her arms again. She 
Actions e Repetition of actions on other makes a sound and repeats it, 
objects as if she enjoys listening to her 
e Evidence that the child repeats an own voice. 
action because he or she notices 
and enjoys i 
Exploration e Apparent curiosity about the effects Paco reaches for his 
of Objects that different behaviors have on caregiver's large, shiny earring. 


objects 
Use of multiple behaviors (feeling, 
poking, dropping, shaking, etc.) to 
explore an object’s properties 
Use of several sensory modalities 
(.e., seeing, listening, feeling, 
tasting, and smelling) 


The caregiver removes the 
earring and holds its sharp 
end between her fingers while 
Paco manipulates the silver 
loop and multicolored glass 
beads that hang from it. 


Experimentation Creativity and flexibility in the 
behaviors the child uses to discover 
how things work 
Specific problems that the child 
tackles and the approaches he or watching how each one lands 
she uses to solve them and listening to the sound it 


makes on impact. 


Jillian drags a step stool to 
her dresser so that she can 
reach the toys on top of it. One 


fe) 


Imitation and e Imitation of actions modeled by 
Pretending another person itin the same way his mother 
e Imitation of actions when the model _ sings to him. He combs the 
is no longer present doll’s hair with a spoon and 
e Use of one object to stand for uses an empty plastic vitamin dolls, etc.). 


another bottle to feed the doll. 


Preoperational Stage (beginning at about age 2) 


The ability to represent objects and events mentally G.e., symbolic thought) gives children 
in the preoperational stage a more extensive worldview than they had during the sensorimo- 
tor stage. They can now recall past events and envision future ones that might be similar to 
their previous experiences. In addition, they begin to tie their experiences together into an 
increasingly complex understanding of the world. 

Language skills virtually explode during the early part of the preoperational stage. 
The words in children’s rapidly increasing vocabularies provide labels for newly developed 
mental schemes and serve as symbols for thinking about objects and events even when not 
directly in sight. Furthermore, language provides the basis for a new form of social interac- 
tion, verbal communication. Children can express their thoughts and receive information 
from other people in a way that was not possible during the sensorimotor stage. 

The emergence of symbolic thought is reflected not only in rapidly expanding language 
skills but also in the changing nature of children’s play. Preschoolers often engage in fantasy 
and make-believe, using realistic objects or reasonable substitutes to act out the behaviors 
of people they see around them. Piaget proposed that such pretend play enables children to 
practice newly acquired symbolic schemes and familiarize themselves with the various roles 
they see others assume in society. This idea is illustrated in the following scenario, in which 
5-year-olds Jeff and Scott construct and operate a “restaurant”: 


In a corner of Jeffs basement, the boys make a dining area from several child-sized tables 
and chairs. They construct a restaurant “kitchen” with a toy sink and stove and stock it with 
plastic dishes and “food” items. They create menus for their restaurant, sometimes asking 


when infants repeat seemingly “pointless” 
actions (e.g., dropping favorite objects). 


Provide objects that infants can explore using 
multiple senses, making sure the objects are 
free of dirt and toxic substances; lack sharp 
edges, loose cords, and bags that could cause 
strangulation or suffocation; and are large 
enough to prevent swallowing. 


Childproof the environment so that experiments 

nd problem-solving activities are safe. Provide 
objects that require a sequence of actions (e.g., 

by one, she drops the toys, stacking cups, building blocks, pull toys). Closely 
supervise children’s activities. 


Darius holds a doll and sings to Engage children in reciprocal, imitative games 
(e.g., peekaboo, hide-and-seek). Provide 
props that encourage pretend play (miniature 
shopping carts, plastic carpentry tools, 
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After 
FIGURE 2 Conservation of 
liquid. Do Glasses A and C 
contain the same amount of 
water after the water in Glass B 
is poured into Glass C? 


egocentrism 

Inability of a child in Piaget's 
preoperational stage to view 
situations from another person's 
perspective. 


conservation 

Realization that if nothing is added 
or taken away, an amount stays the 
same regardless of any alterations 
in shape or arrangement. 


class inclusion 

Recognition that an object 
simultaneously belongs to a 
particular category and to one 
of its subcategories. 
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Jeff's mother how to spell certain words and sometimes using their knowledge of letter-sound 
relationships to guess how a particular word might be spelled. 

Jeff and Scott invite their parents to come to the new restaurant for lunch. The boys 
pretend to write their customers’ meal orders on paper tablets and then scurry to the kitchen 
to assemble the requested lunch items. Eventually, they return to serve the meals (hamburgers, 
French fries, and cookies—all of them plastic—plus glasses of imaginary milk), which the 
adults “eat” and “drink” with gusto. After the young waiters return with the final bills, the 
parents pay for their “meals” with nickels and leave a few pennies on the tables as tips. 


With the emergence of symbolic thought, young children are no longer restricted to 
the here and now and so can think and act far more flexibly than they did previously. At the 
same time, preoperational thinking has some definite limitations, especially when compared 
to the concrete operational thinking that emerges later. Piaget described young children as 
exhibiting egocentrism, an inability to view situations from another person’s perspective.’ 
Preschoolers may play games together without ever checking to be sure that they are all 
playing according to the same rules. And they may say things without considering the per- 
spective of the listener—for instance, leaving out critical details as they tell a story and giving 
a fragmented version that a listener cannot possibly understand. Here we see one reason 
why, in Piaget’s view, social interaction is so important for development. Only by getting 
repeated feedback from other people can children learn that their thoughts and feelings are 
unique to them and not necessarily shared by others. 

Preoperational thinking is also illogical (at least from an adult’s point of view), espe- 
cially during the preschool years. Following is an example of reasoning that characterizes 
preoperational thought: 


We show 4-year-old Lucy the three glasses at the top of Figure 2. Glasses A and B are identi- 
cal in size and shape and contain an equal amount of water. We ask Lucy if the two glasses 
of water contain the same amount, and she replies confidently that they do. We then pour 
the water in Glass B into Glass C. We ask her if the two glasses of water (A and C) still have 
the same amount. “No,” Lucy replies. She points to Glass A and says, “That glass has more 
because it’s taller.” 


Piaget used this task to assess a logical thought process known as conservation, the 
recognition that an amount must stay the same if nothing is added or taken away, despite 
any changes in shape or arrangement. Lucy’s response reveals that she is not yet capable 
of conservation of liquid: The differently shaped glasses lead her to believe that the actual 
amount of water has changed. Similarly, in a conservation of number task, a child engaging 
in preoperational thought might say that a row of five pennies spread far apart has more 
than a row of five pennies spaced close together, even though she has previously counted 
the pennies in both rows and found them to have the same number. Young children often 
confuse changes in appearance with changes in amount. Piaget suggested that such confu- 
sion is often seen in young children’s reasoning because the preoperational stage depends 
more on perception than on logic. 

Another ability that young children find challenging is class inclusion, the recogni- 
tion that an object can belong both to a particular category and to one of its subcategories 
simultaneously. Preschool age children demonstrate lack of class inclusion in response to 
questions such as “Are there more brown beads or more wooden beads?” in a situation 
where there are 10 brown beads and 2 white beads and all beads are made of wood (Piaget, 
1952a). They may insist that there are more brown beads whereas in reality there are more 
wooden beads. 

Sometime around age 4 or 5, children show early signs of thinking more logically than 
they have previously. For example, they occasionally draw correct conclusions about con- 
servation problems (e.g., the water glasses problem) and class inclusion problems (e.g., the 


*Consistent with common practice, we use the term egocentrism to refer to the egocentric thinking that character- 
izes preoperational thought. Piaget actually talked about different forms of egocentrism at each of the four stages 
of development. For instance, he described egocentrism in the formal operations stage as involving an inability to 
distinguish one’s own logical conclusions from the perspectives of others and from constraints of the real world. 
Adolescents’ unrealistic idealism about social issues is one manifestation of this formal operational egocentrism. 
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wooden beads problem). But they base their reasoning on hunches and intuition rather than 
on any conscious awareness of underlying logical principles, and so they cannot yet explain 
why their conclusions are correct. 


Concrete Operations Stage (beginning at about age 6 or 7) 


In the early primary grades, children become capable of thinking about and integrating vari- 
ous qualities and perspectives of a situation. For example, children now know that other 
people may have perceptions and feelings different from their own. Accordingly, they realize i I, 
that their own views may reflect personal opinion rather than reality, and so they may seek MyEducationLab ) 
out external validation for their ideas (“What do you think?” “Did I get that problem right?”). 

Children in the concrete operations stage show many forms of logical thought, and R 
they can readily explain their reasoning. They can also easily classify objects into two cat- 
egories simultaneously, making it easier for them to solve class inclusion problems. And 
they are capable of conservation: They readily understand that if nothing is added or taken 
away, an amount stays the same despite changes in shape or arrangement. For example, the 
second girl depicted in the “Conservation” video in MyEducationLab is quite confident that 
juice poured from a short, wide glass into a tall, thin glass hasn’t changed in amount: “Just 
because this is skinny doesn’t mean it’s . . . this one is just wider, this one is skinnier, but 
they have the same amount of juice.” 

Children continue to develop their newly acquired logical thinking capabilities through- 
out the elementary school years. Over time they become capable of dealing with increasingly 
complex conservation tasks. Some forms of conservation, such as conservation of liquid and 
conservation of number, appear at age 6 or 7. Other forms don’t appear until later. Consider 
the task involving conservation of weight depicted in Figure 3. Using a balance scale, an 
adult shows a child that two balls of clay have the same weight. One ball is removed from the 
scale and smashed into a pancake shape. The child is then asked if the pancake weighs the 
same as the unsmashed ball or if the two pieces of clay weigh different amounts. Children 
typically do not achieve conservation of weight—that is, they don’t realize that the flattened 
pancake weighs the same as the round ball—until age 9 or 10 (Piaget, 1950). 

Although children displaying concrete operational thought show many signs of logical 
thinking, their cognitive development is not yet complete. In particular, they have trouble 
reasoning about abstract or hypothetical ideas (hence the term concrete operations stage). 
In language, this weakness may be reflected in an inability to interpret the underlying, non- 
literal meanings of proverbs. In mathematics, it may be reflected in confusion about such 
concepts as pi (n), infinity, and negative number. And in social studies, it may limit children’s 
comprehension of such abstract notions as democracy, communism, and human rights. 


See how children respond to various 
conservation tasks in the “Conservation” 
video. (Find Video Examples in Topic 6 
of MyEducationLab.) 


Formal Operations Stage (beginning at about age 11 or 12) 

Sometime around puberty, Piaget found, children become capable of thinking and reason- 
ing about things that have little or no basis in physical reality. They can think logically about 
abstract concepts, hypothetical ideas, and statements that contradict what they know to be 


A B 


Before After 


FIGURE 3 Conservation of weight. Balls A and B initially weigh the same. When Ball B is 
flattened into a pancake shape, how does its weight now compare with that of Ball A? 
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true in the real world. Also emerging are scientific reasoning abilities that enable children to 
identify cause-and-effect relationships in physical phenomena. As an example, consider the 
following task: 


An object suspended by a rope or string—a pendulum—swings indefinitely at a constant 
rate. Some pendulums swing back and forth very quickly, whereas others swing more slowly. 
Design an experiment that can help you determine what factor or factors affect a pendulum’s 
oscillation rate. 


To successfully tackle this problem, you must first formulate hypotheses about possible 
variables affecting a pendulum’s swing. You might consider (a) the weight of the suspended 
object, (b) the length of the string that holds the object, (c) the force with which the object 
is pushed, and (d) the height from which the object is initially released. You must then sepa- 
rate and control variables, testing one factor at a time while holding all others constant. To 
test the hypothesis that weight makes a difference, you should try different weights while 
keeping constant the length of the string, the force with which you push each weight, and 
the height from which you release it. Similarly, if you hypothesize that the length of the 
string is critical, you should vary the length of the string while continuing to use the same 
weight and starting the pendulum in motion in the same manner. If you carefully separate 
and control variables, your observations should lead you to conclude that only length affects 
a pendulum’s oscillation rate. 

Once formal operational thinking appears, more advanced verbal and mathematical 
problem solving is also possible. Adolescents become able to see beyond literal interpreta- 
tions of such proverbs as “A rolling stone gathers no moss” and “An ant may well destroy a 
dam” to identify their underlying meanings. Adolescents also become better able to under- 
stand such concepts as negative number and infinity because they can now comprehend 
how numbers can be below zero and how two parallel lines will never touch even if they 
go on forever. Furthermore, they can understand the nature of proportions (e.g., fractions, 
ratios, decimals) and correctly use proportions when working on mathematical problems. 
And they gain an appreciation for contrary-to-fact ideas, as you can learn more about in the 
“Thinking Logically About Contrary-to-Fact Premises” in MyEducationLab. 

The emerging capacity to think about hypothetical and contrary-to-fact ideas allows 
adolescents to envision how the world might be different from, and possibly better than, 
the way it actually is. Thus they may be idealistic about and devoted to social, politi- 
cal, religious, and ethical issues—climate change, world hunger, animal rights, and so on. 


Improving Your Observation Skills 


Building blocks. How might Piaget have explained the age-related thinking of these children as 
they interact with building materials? Describe the possible thinking of the infant (left), young child 
(second from left), elementary-school student (third from left), and adolescent (far right). Compare 
your response with the explanation at the end of the chapter. 


(left) Stockbyte/Thinkstock; (center left) © Jaimie Duplass/Shutterstock; (center right) © Orhan Cam/ 
Shutterstock; (right) © Wojciech Gajda/iStock 
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Sometimes they offer recommendations for change that seem logical but aren’t practical in 
today’s world. For example, they may argue that racism would disappear overnight if people 
would just begin to “love one another.” Piaget suggested that adolescent idealism reflects 
an inability to separate one’s own logical abstractions from the perspectives of others and 
from practical considerations. Only through experience do adolescents eventually begin to 
temper their optimism with some realism about what is possible in a given time frame and 
with limited resources. 


Current Perspectives Related to Piaget's Theory 


Piaget’s theory has sparked a great deal of research about children’s cognitive development. 
In general, this research supports Piagets proposed sequence in which different abilities 
emerge. Children’s early reasoning does depend more heavily on perception than on logic, 
and logical reasoning about concrete objects and events emerges before logical reasoning 
about abstract ideas (Flavell, Miller, & Miller, 2002; Ginsburg, Cannon, Eisenband, & Pappas, 
2006; Morra, Gobbo, Marini, & Sheese, 2008). However, contemporary developmental 
researchers have found that many abilities appear considerably earlier or later than Piaget 
suggested and that often these abilities depend on particular experiences and cultural 
contexts. 


Capabilities of Different Age-Groups 


Using different research methods than those that were available to Piaget, present-day 
researchers have found that infants and preschoolers are apparently more competent than 
portrayed in Piaget’s descriptions of sensorimotor and preoperational stages. When Piaget 
studied the development of object permanence, he focused largely on whether infants 
looked and reached for an object that was no longer in view. In contrast, contemporary 
researchers look at more subtle measures of object permanence, such as how long infants 
look at an object and how their heart rates change as they watch it. These researchers have 
found that infants spend more time looking toward an object that disappears in one spot and 
then immediately reappears in a very different spot—an event that apparently violates their 
basic understandings of how physical objects should behave. Such modern techniques re- 
veal that infants show preliminary signs of object permanence as early as 2 to 6 months 
old and gradually solidify this understanding and connect it with their reaching behaviors 
(Baillargeon, 2004; Charles & Rivera, 2009; L. B. Cohen & Cashon, 2006). 

Contemporary methods with preschoolers have taken a slightly different tact, with 
researchers making cognitive tasks and questions less artificial and easing demands on 
children’s memories. When tasks are modified in such ways, preschoolers are often quite 
capable of conservation and class inclusion (M. Donaldson, 1978; R. Gelman & Baillargeon, 
1983; Rule, 2007). 

Piaget may have underestimated the capabilities of elementary school children as 
well. Many elementary students—and occasionally even 4-year-olds—show some ability to 
think abstractly and hypothetically about events that haven’t been observed or have not yet 
occurred (S. R. Beck, Robinson, Carroll, & Apperly, 2006; S. Carey, 1985; Schulz, Goodman, 
Tenenbaum, & Jenkins, 2008). Also, even kindergarteners and first and second graders can 
understand simple ratios and proportions (e.g., fractions such as 1⁄2, ¥%, and 4) if they can 
relate these concepts to everyday objects (Boyer, Levine, & Huttenlocher, 2008; Empson, 
1999). And some elementary school children can separate and control variables in science, 
especially when given hints about the importance of controlling all variables except the one 
they are testing (Danner & Day, 1977; Metz, 1995; Strand-Cary & Klahr, 2008). 

Yet Piaget probably overestimated what adolescents can do. Formal operational think- 
ing processes emerge much more gradually than Piaget suggested, and adolescents don’t 
use these skills as regularly as Piaget would have us believe (Kuhn, Pease, & Wirkala, 2009; 
Pascarella & Terenzini, 1991; Shayer & Ginsburg, 2009). A related issue is whether formal 
operational reasoning is really the final stage of cognitive development, as Piaget suggested. 
Some theorists have proposed that many adults progress to a fifth, postformal stage in which 
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Observe how experience with 
fishing affects Kent’s and Alicia’s 
ability to identify variables in the 
“Cognitive Development” videos. 
(Find Video Examples in Topic 6 
of MyEducationLab.) 
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they can envision multiple approaches to the same problem and recognize that each ap- 
proach may be valid from a particular perspective (Cartwright, Galupo, Tyree, & Jennings, 
2009; Sinnott, 2009; P.-L. Wu & Chiou, 2008). Other theorists disagree, arguing that adult life 
simply poses different kinds of problems than the academically oriented ones that adoles- 
cents encounter at school (Schaie & Willis, 2000). 


Effects of Prior Knowledge and Experience 


Piaget acknowledged that as children gain new logical thinking skills, they may apply the 
skills in one content area but not necessarily in another (Chapman, 1988; Piaget, 1940). It is 
becoming increasingly apparent that for people of all ages, the ability to think logically in a 
particular situation depends on background experiences relevant to the situation. Children as 
young as age 4 or 5 begin to show class inclusion and conservation after having practice with 
such tasks, especially if they can actively manipulate the task materials and discuss their rea- 
soning with someone who already exhibits these logical abilities (D. Field, 1987; Halford & 
Andrews, 2006; Siegler & Svetina, 2006). Children ages 10 to 12 years old can solve logical 
problems involving hypothetical ideas if they are taught relevant problem-solving strategies, 
and they become increasingly able to separate and control variables when they have numer- 
ous experiences that require them to do so (Kuhn & Dean, 2005; Kuhn et al., 2009; S. Lee, 
1985; Schauble, 1990). Adolescents and adults as well often apply advanced reasoning to 
topics about which they have a great deal of knowledge and yet think concretely about 
topics with which they are unfamiliar (Klein, 2006; Kuhn, 2008; M. C. Linn, Clement, Pulos, & 
Sullivan, 1989). Thus it appears that what young people learn, with support, is how to think 
systematically about a few particular concepts rather than how to use all-purpose logical 
principles in all circumstances. 

As an illustration of how prior knowledge affects formal operational thinking, con- 
sider the fishing pond shown in Figure 4. In a study by Pulos and Linn (1981), 13-year- 
olds were shown a similar picture and told, “These four children go fishing every week, and 
one child, Herb, always catches the most fish. The other children wonder why.” If you look 
at the picture, it is obvious that Herb is different from the three other children in several 
ways, including the bait he uses, the length of his fishing rod, and his location by the pond. 
Children who had fished frequently more effectively separated and controlled variables 
for this situation than they did for the pendulum problem described earlier, whereas the 
reverse was true for children without fishing experience. In the “Cognitive Development” 
videos for middle childhood and late adolescence in MyEducationLab, 10-year-old Kent and 
14-year-old Alicia both consider the problem as they look at the picture in Figure 4. Notice 
how Kent, who appears to have some experience with fishing, considers several possible 
variables and remains open minded about the causal one. In contrast, Alicia, who is older 
but admittedly unfamiliar with fishing strategies, considers only two variables and jumps to 
a conclusion about causation: 


Kent: He has live .. . live worms, I think. Fish like live worms more, I guess ’cause they’re 
live and they’d rather have that than the lures, plastic worms. . . . Because he 
might be more patient or that might be a good side of the place. Maybe since 
Bill has a boombox thing [referring to the radio], I don’t think they would really 
like that because . . . and he doesn’t really have anything that’s extra... . But he’s 
the standing one. I don’t get that. But Bill, that could scare the fish away to Herb 
because he’s closer... . 

Alicia: Because of the spot he’s standing in, probably. . . . I don’t know anything about 
fishing. Oh, OK! He actually has live worms for bait. The other girl’s using saltine 
crackers [she misreads crickets]... . She’s using plastic worms, he’s using lures, and 
she’s using crackers and he’s actually using live worms. So obviously the fish like 
the live worms the best. 


One general factor that promotes more advanced reasoning is formal education. Going to 
school and receiving instruction are associated with mastery of concrete operational and 
formal operational tasks (Artman & Cahan, 1993; Gauvain & Munroe, 2009; Rogoff, 2003). 
For instance, you may be happy to learn that taking college courses in a particular area (in 
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FIGURE 4 Gone fishing. What are some possible reasons why Herb is catching more fish than 
the others? 
Based on Pulos & Linn, 1981. 


child development, perhaps?) leads to improvements in reasoning skills related to that area 
(Lehman & Nisbett, 1990; T. M. McDevitt, Jobes, Sheehan, & Cochran, 2010). 


Effects of Culture 


Piaget acknowledged that children grow intellectually as they reflect on their exchanges 
with people and objects in their cultural environments. He further recognized that cultural 
variations in intellectual opportunities could lead to modest differences in children’s skills 
(Piaget, 1972). Yet many contemporary theorists now conclude that Piaget did not fully 
understand how powerfully culture shapes children’s minds or how strongly his own theory 
reflected the Western position that scientific reasoning is the pinnacle of human develop- 
ment (Maynard, 2008). 

Considerable research indicates that Piaget was more on target about younger children 
developing similar abilities in a wide range of cultural situations than he was in his assump- 
tion about universal advancements in older children. Infants in all known cultures learn a lot 
from exploring their physical environment, and young children in the preschool years uni- 
versally represent their ideas with language and intuitive logic. In comparison, concrete and 
formal operational abilities are more susceptible to particular cultural experiences. For ex- 
ample, Mexican children whose families make pottery for a living seem to acquire conserva- 
tion skills earlier than Piaget found to be true for Swiss children (Price-Williams, Gordon, & 
Ramirez, 1969). Apparently, creating pottery requires children to make frequent judgments 
about needed quantities of clay and water—judgments that must be fairly accurate regard- 
less of the specific form of the clay or water container. In other cultures, especially in 
some where children don’t attend school, conservation may appear several years later than 
Piaget proposed, and some aspects of formal operational reasoning—at least as measured 
by Piaget and colleagues—do not appear when abstract reasoning has little relevance to 
people’s daily lives (M. Cole, 1990; Fahrmeier, 1978; Maynard, 2008; J. G. Miller, 1997). For 
instance, adults in some Asian societies find little purpose in applying rules of logic to artifi- 
cial, contrary-to-fact situations and so don’t nurture such thinking in children (Norenzayan, 
Choi, & Peng, 2007). 


Does Cognitive Development Occur in Stages? 


In light of all the evidence, does it still make sense to talk about discrete stages of cognitive 
development? Even Piaget acknowledged that the characteristics of any particular stage don’t 


225 


neo-Piagetian theory 

Theoretical perspective that 
combines elements of Piaget's 
theory with more contemporary 
research findings and suggests that 
development in specific content 
domains is often stagelike in nature. 


working memory 

Component of memory that enables 
people to actively think about 

and process a small amount of 
information. 


226 


COGNITIVE DEVELOPMENT: PIAGET AND VYGOTSKY 


necessarily hang together as a tight, inseparable set of abilities (Chapman, 1988; Piaget, 
1940). Most contemporary developmental theorists now believe that children do not uni- 
versally go through stages in all-encompassing logical structures. Today’s theorists further 
suggest that Piaget’s evidence about children’s abilities may better describe how children 
can think, rather than how they typically do think (K. W. Fischer, Stein, & Heikkinen, 2009; 
Halford & Andrews, 2006; Klaczynski, 2001). 

In addition to reformulating the essence of thinking, contemporary scholars are recasting 
the nature of developmental change. One group of theorists, information processing the- 
ory scholars, subscribe to the view that development can be described in terms of gradual 
trends—for instance, in gradual movements toward increasingly abstract thought—rather than 
discrete stages (e.g., Flavell, 1994; Kuhn & Franklin, 2006; Siegler & Alibali, 2005).4 Another 
group, developmental systems scholars, believe that each child’s thinking is unique and de- 
velops at an uneven pace, at any given moment improving rapidly, slowly or through a 
combination of progressions and temporary regressions (K. W. Fischer, 2008; Hohenberger & 
Peltzer-Karpf, 2009). 

Despite their reservations about Piaget’s global structures and stages, present-day 
developmental scholars remain sympathetic to Piaget’s search for qualitative transformations 
in children’s constructivist thinking. They believe that, by entirely rejecting Piaget’s search 
for stages and constructivist ideas, we may be throwing the baby out with the bath water. 
Some of these psychologists have combined Piaget’s ideas with precise research methods 
to construct neo-Piagetian theories of how children’s learning and reasoning capabilities 
change over time. 


Key Ideas in Neo-Piagetian Theories 


Neo-Piagetian theorists share Piaget’s belief that children’s skills and understandings change 
in distinct, qualitative ways over time. Unlike Piaget, however, they suggest that children’s 
abilities are strongly tied to personal experiences in particular contexts. Following are several 
principles that are central to neo-Piagetian approaches: 


Cognitive development is constrained by the maturation of information processing 
mechanisms. Neo-Piagetian theorists have echoed Piaget’s belief that cognitive development 
depends on brain maturation. A mechanism in the brain known as working memory is 
especially important for cognitive development (e.g., Case, 1985, 1991; Davidse, de Jong, 
Bus, Huijbregts, & Swaab, 2011; Morra et al., 2008). Working memory is that part of the 
human memory system in which people hold and actively think about new information. (For 
instance, you are using your working memory right now to make sense of what you're reading 
about cognitive development.) Children’s working memory capacity increases with age, and 
so their ability to think about several things simultaneously increases as well. Neo-Piagetian 
theorists propose that young children’s limited working memory capacity restricts their ability 
to acquire complex thinking, reasoning, and language skills (Barrouillet, Gavens, Vergauwe, 
Gaillard, & Camos, 2009; K. W. Fischer & Bidell, 1991; Morra & Camba, 2009). 


Children acquire new knowledge through both unintentional and intentional learn- 
ing processes. Many contemporary psychologists agree that children learn some things with 
little or no conscious awareness or effort. Consider this question about household pets: “On 
average, which are larger, cats or dogs?” Even if you’ve never intentionally thought about 
this issue, you can easily answer “Dogs” because of the many characteristics (including size) 
you've learned to associate with both species. Children unconsciously learn the consistent 
patterns and associations that characterize many aspects of their world. 

Yet, especially as children’s brains mature in the first year or two of life, they increas- 
ingly think actively about their experiences, and they begin to devote considerable mental 


‘Information processing theory characterizes the general trends in cognitive processes that we are likely to see as 
children develop. 
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attention to solving the little problems that come their way each day (Case & Okamoto, 1996; 
Pascual-Leone, 1970). As they do so, they draw on what they’ve learned (some of which they 
have absorbed unconsciously) about common patterns in their environment, and they may 
simultaneously strengthen their knowledge of those patterns. Thus both the unintentional 
and intentional learning processes work hand in hand as children tackle day-to-day tasks 
and, in the process, enhance their knowledge about the world (Case, 1985; Case & Okamoto, 
1996; Weinert, 2009). 


Children acquire cognitive structures that affect their thinking in particular con- 
tent domains. Neo-Piagetian theorists reject Piaget’s proposal that children develop 
general-purpose systems of mental processes (operations) that they can apply to a 
broad range of tasks and content domains. Instead, they suggest, children acquire more 
specific systems of concepts and thinking skills that influence reasoning in particular 
areas. 

Canadian psychologist Robbie Case (1944-2000) and his colleagues have proposed 
that integrated networks of concepts and cognitive processes, called central conceptual 
structures, form the basis for much of children’s thinking, reasoning, and learning in 
certain areas (Case, 1991; Case & Okamoto, 1996; S. Griffin, 2009). A central conceptual 
structure related to number underlies children’s ability to reason about and manipulate 
mathematical quantities. This structure reflects an integrated understanding of how such 
mathematical concepts as numbers, counting, addition, and subtraction are interrelated. A 
central conceptual structure related to spatial relationships underlies children’s performance 
in such areas as drawing, construction and use of maps, replication of geometric patterns, 
and psychomotor activities (e.g., writing in cursive, hitting a ball with a racket). This struc- 
ture enables children to align objects in space according to one or more reference points 
(e.g., the x- and y-axes used in graphing). A central conceptual structure related to social 
thought underlies children’s reasoning about interpersonal relationships, their knowledge of 
common patterns in human interaction, and their comprehension of short stories and other 
works of fiction. This structure includes children’s general beliefs about human beings’ 
thoughts, desires, and behaviors. Case has found evidence indicating that the three con- 
ceptual structures develop in a wide variety of cultural and educational contexts (Case & 
Okamoto, 1996). 


Development in specific content domains can sometimes be characterized as a series of 
stages. Although neo-Piagetian theorists reject Piaget’s notion that a single series of stages 
characterizes cognitive development, they speculate that cognitive development in specific 
content domains often has a stagelike nature (e.g., Case & Okamoto, 1996; K. W. Fischer & 
Immordino-Yang, 2002; Morra et al., 2008). Children’s entry into a particular stage is marked 
by the acquisition of new abilities, which children practice and gradually master over time. 
Eventually, they integrate these abilities into more complex structures that mark their transi- 
tion into a subsequent stage. 

Even in a particular subject area, however, cognitive development is not necessar- 
ily a simple sequence of stages through which children progress as if they were climbing 
rungs on a ladder. In some cases development might be better characterized as progression 
along “multiple strands” of skills that occasionally interconnect, consolidate, or separate 
in a weblike fashion (K. W. Fischer, 2008; K. W. Fischer & Daley, 2007; K. W. Fischer & 
Immordino-Yang, 2002). From this perspective, children may acquire more advanced levels 
of competence in a particular area through any one of several pathways. For instance, as 
they become increasingly proficient in reading, children may gradually develop word decod- 
ing skills, comprehension skills, and so on and draw on these assorted skills when reading 
a book. However, the rate at which each of the skills is mastered will vary from one child 
to the next. 


central conceptual structure 


Integrated network of concepts and 
cognitive processes that forms the 


basis for much of one’s thinking, 


reasoning, and learning in a specific 


content domain. 


227 


COGNITIVE DEVELOPMENT: PIAGET AND VYGOTSKY 


CENTRAL CONCEPTUAL STRUCTURES. According to Robbie Case’s neo-Piagetian 
perspective, children develop central conceptual structures in number, spatial 
relationships, and social thought (and perhaps in other areas as well). These structures 
affect children’s reasoning and performance on a variety of relevant tasks. (left) © Ariel 
Skelley/Corbis; (center) Getty Images, Inc - PhotoDisc; (right) © Radius Images/Alamy 


Applying the Ideas of Piaget and His Followers 
Preparing for Your 


: ee Educators and practitioners who have taken Piaget’s theory to heart respect the natural curi- 
Licensure Examination 


osity of children, give children many opportunities to make choices, and appeal to children’s 


Your teaching test might ask you interests. Adults who are inspired by Piaget have tried these specific strategies: 
about Piaget’s major contributions 
to educational practice. e Provide opportunities for children to experiment with physical objects. Learners of 


all ages, but particularly children, can learn a great deal by exploring the physical world 
in a hands-on fashion (Ginsburg et al., 2006; Parton & Hancock, 2008; B. Y. White & 
Frederiksen, 1998). In infancy this might involve having regular access to objects with 
visual and auditory appeal, such as mobiles, rattles, stacking cups, and pull toys. At the 
preschool level, it might involve playing with water, sand, wooden blocks, and age- 
appropriate manipulative toys. During the elementary school years, hands-on explora- 
tion might entail throwing and catching balls, working with clay and watercolor paints, 
and constructing Popsicle-stick structures. Despite their increased capability for abstract 
thought, adolescents also benefit from opportunities to manipulate and experiment with 
concrete materials—perhaps equipment in a science laboratory, food and cooking uten- 
sils, or wood and woodworking tools. Such opportunities allow teens to discover laws of 
the natural world firsthand and to tie their newly emerging abstract ideas to the concrete 
physical world. 

A potential downside, however, is that children and adolescents sometimes misinter- 
pret what they observe, either learning the wrong thing or confirming their existing miscon- 
ceptions about the world (M. H. Lee & Hanuscin, 2008; Myant & Williams, 2008; Schauble, 
1990). Consider the case of Barry, an 11th grader whose physics class was studying the idea 
that an objects mass and weight do not, in and of themselves, affect the speed at which the 
object falls. Students were asked to design and build an egg container that would keep an 
egg from breaking when dropped from a third-floor window. They were told that on the 
day of the egg drop, they would record the time it took for the eggs to reach the ground. 
Convinced that heavier objects fall faster, Barry added several nails to his egg’s container. 
Yet when he dropped it, classmates timed its fall at 1.49 seconds, a time very similar to that 
for other students’ lighter containers. He and his teacher had the following discussion about 
the result: 


ARTIFACT 1 Habtom's 
circuit board. Fifteen-year-old 
Habtom designed a circuit board 
with the help of his engineering 
teacher, who advised him about 
the characteristics of electronic 
chips (see vertical boxes with 
internal numbers toward the 


middle-right of the artifact) and Teacher: So what was your time? 

connections among the binary Barry: 1.49. I think it should be faster. 

switches. Using formal reasoning, Teacher: Why? 

Habtom designed the circuit Barry: Because it weighed more than anybody else’s and it dropped slower. 
board, built it, and confirmed Teacher: Oh really? And what do you attribute that to? 

that it actually worked. Barry: That the people weren't timing real good. (Hynd, 1998, p. 34) 
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At the elementary and secondary levels, the misconceptions that can arise from sponta- 
neous explorations can be addressed by adding structure to the activities. Carefully planned 
lessons that allow both exploration and guided interpretation can help children construct 
appropriate understandings (R. G. Fuller, Campbell, Dykstra, & Stevens, 2009; Hardy, Jonen, 
Möller, & Stern, 2006; D. T. Hickey, 1997). The Development and Practice feature “Facilitating 
Discovery Learning” illustrates several recommendations for enhancing the effectiveness of 
discovery learning activities. 


e Explore children’s reasoning with problem-solving tasks and probing questions. By pre- 
senting a variety of Piagetian tasks involving either concrete or formal operational think- 
ing skills and probing students’ reasoning with a series of follow-up questions—that is, by 


Facilitating Discovery Learning 


Make sure students have the necessary prior knowledge be a discrepancy in viewpoints, and ultimately justify a position. (Late 
for discovering new ideas. Adolescence) 


I. e A first-grade teacher asks students what they already Structure a discovery session so that students proceed logically 
know about air (e.g., people breathe it, wind is air that toward discoveries you want them to make. 
moves). After ascertaining that the students have some 


k awareness that air has substance, she and her class 

conduct an experiment in which a glass containing a 

crumpled paper towel is turned upside-down and completely im- 

mersed in a bowl of water. The teacher eventually removes the glass 

from the water and asks students to explain why the paper towel 

didn't get wet. (You can see part of this lesson in the “Properties of 
Air” video in MyEducationLab.) (Middle Childhood) 

e Before asking students to study an interactive website on earth 
science and build a simulated volcano, a high school science teacher 
introduces types of magma and defines important terms such as 
cinder cone, lava dome, caldera, and flood basalt. (Late Adolescence) 


e Many students in an eighth-grade science class believe that some very 
small things (e.g., a tiny piece of Styrofoam, a single lentil bean) are so 
light that they have no weight. Their teacher asks them to weigh a pile 
of 25 lentil beans on a balance scale, and the students discover that 
all of the beans together weigh approximately 1 gram. In the ensuing 
class discussion, the students agree that if 25 beans have weight, a 
single bean must also have weight. The teacher then asks them to use 
math to estimate how much a single bean weighs. (Early Adolescence) 

e Students in a high school chemistry class bring in samples of house- 
hold water and beverages and then analyze the amount of carbon 
dioxide and other chemicals in the fluids. After it is determined that 
the fluids contain unhealthful levels of acid, the teacher asks the 

Show puzzling results to create disequilibrium. students to brainstorm ways that society can reduce acid rain. (Late 

e A middle school science teacher shows her class two glasses of Adolescence) 
water. In one glass an egg floats at the water's surface. In the other Help students relate their findings to concepts in the academic 
glass an egg rests on the bottom. The students give a simple and discipline they are studying. 
logical explanation for the difference: One egg has more air inside 
and so must be lighter. But then the teacher switches the eggs into 
opposite glasses. The egg that the students believe to be “heavier” 
now floats, and the “lighter” egg sinks to the bottom. The students 
are quite surprised and demand to know what is going on. (Ordinar- 
ily, water is less dense than an egg, so an egg placed in it will quickly 
sink. But in this demonstration, one glass contains salt water—a mix- 
ture denser than an egg and so capable of keeping it afloat.) (Early 
Adolescence) 

e A high school social studies teacher asks students to decide whether 
adolescents in the past 60 years can be better characterized as con- 
forming and obedient or rebellious and innovative. The teacher dis- 
tributes two sets of readings that support each of the conclusions 
and asks students to study the evidence, determine why there might 


e A teacher distributes slices of five kinds of apples—Granny Smith, 
Golden Yellow, Red Delicious, Fuji, and Mcintosh—for purposes of 
taste testing. The teacher asks the children to indicate their first 
preference for apples, and together they aggregate the results into 
a graph. The class identifies the most and least favorite apples. 
Afterwards, the teacher shows the class other examples of graphs 
and explains how these diagrams are used in various fields of study. 
(Middle Childhood) 

e After students in a social studies class have collected data on aver- 
age incomes and voting patterns in different counties within their 
state, their teacher asks, “How can we interpret these data using 
what we've learned about the relative wealth of members of the two 
major political parties?” (Late Adolescence) 


Sources: Blevins, 2010 (apple chart example); Bruner, 1966; Center for History and New Media, 2006 (teenage conformists and rebels example); de Jong & van Joolingen, 1998; 
Frederiksen, 1984; Hardy et al., 2006; D. T. Hickey, 1997; R. E. Mayer, 2004; Minstrell & Stimpson, 1996; Palmer, 1965 (egg example); C. L. Smith, 2007 (Styrofoam example); Smithsonian 
National Museum of Natural History, 2010 (volcano example); Water Educational Training Science Project, 2002 (acid rain example); B. Y. White & Frederiksen, 1998, 2005. 
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Observe the use of probing questions 
in the “Research: Early Adolescence” 
video. (Find Video Examples in Topic 6 
of MyEducationLab.) 
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using Piaget’s clinical method—adults can gain valuable insights into how children and 
adolescents think about their world. The Observation Guidelines table “Assessing Piaget- 
ian Reasoning Processes in Children and Adolescents” lists some of the characteristics you 
might look for. 

In probing youngsters’ reasoning, however, teachers and other practitioners need not 
stick to traditional Piagetian tasks. On the contrary, Piaget’s clinical method is applicable to 
a wide variety of content domains and subject matter (e.g., diSessa, 2007; Ginsburg, 2009). 
In the “Research: Early Adolescence” video in MyEducationLab, you can hear an interviewer 
asking 12-year-old Claudia a series of questions to probe her reasoning during a categoriza- 
tion task (e.g., “How did you decide which shells to put where?” “What makes [those shells] 
different from the other ones?”). 


e Keep Piaget's stages in mind when interpreting children’s behavior and when planning 
activities, but don’t take the stages too literally. Although Piaget’s four stages are not always 
accurate descriptions of children’s and adolescents’ thinking capabilities, they do provide a 
rough idea of the reasoning processes you are apt to see at various age levels (Crain, 2011; 
Feldman, 2004; Kuhn, 1997). For example, infant caregivers should remember that repetitive 
behaviors, even those that make a mess or cause inconvenience (dropping food, throwing 
toys), are an important means through which infants master basic motor skills and learn 
cause-and-effect relationships. Preschool teachers should not be surprised to hear young 


CHARACTERISTIC 


Concrete Thought 


Abstract Thought 


Idealism 


Scientific 
Reasoning Skills 


Mathematical 
Reasoning Skills 
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OBSERVATION GUIDELINES 


LOOK FOR 


e Heavy reliance on concrete manipu- 
latives to understand concepts 
Difficulty understanding abstract 
ideas 


e Ability to understand strictly verbal 
explanations of abstract concepts 
and principles 

Ability to reason about hypothetical 
or contrary-to-fact situations 


Idealistic notions about how the 
world should be 

Difficulty taking other people's needs 
and perspectives into account when 
offering ideas for change 

Inability to adjust ideals in light 

of what can realistically be 
accomplished 


Identifying multiple hypotheses for 
a particular phenomenon 
Separation and control of variables 


Understanding and using abstract 
mathematical symbols (e.g., n, the 
variable x in algebraic equations) 
Understanding and using proportions 
in mathematical problem solving 


EXAMPLE 


Tobey solves arithmetic word problems 
more easily when he can draw pictures 
of them. 


Elsa can imagine how two parallel 
lines might go on forever without ever 
coming together. 


Martin advocates a system of 
government in which all citizens 
contribute their earnings to a common 
“pool” and then withdraw money only 
as they need it. 


Serena proposes three possible 
explanations for a result she has 
obtained in her physics lab. 


Giorgio uses a 1:240 scale when 
drawing a floor plan of his school 
building. 


IMPLICATION 


Use concrete objects and examples 
to illustrate abstract situations 
and problems. 


When working with adolescents, 
occasionally use verbal explanations 
(e.g., short lectures) to present 
information, but assess students’ 
understanding frequently to make sure 
they understand. 


Engage adolescents in discussions 
about challenging political and social 
iSSUeS. 


Have middle school and high school 
students design and conduct simple 
experiments. Include experiments 
about issues related to their 
backgrounds and interests. 


Initially, introduce abstract 
mathematical concepts and tasks using 
simple examples (e.g., when introduc- 
ing proportions, begin with fractions 
such as 1⁄4 and 1⁄4). Progress to more 
complex examples only when young- 
sters appear ready to handle them. 


COGNITIVE DEVELOPMENT: PIAGET AND VYGOTSKY 


children arguing that the three pieces of a broken candy bar constitute more candy than a 
similar, unbroken bar (a belief that reflects lack of conservation). Elementary school teach- 
ers should recognize that their students may have trouble with proportions (e.g., fractions, 
decimals) and with such abstract concepts as time in astronomy and negative number and pi 
in mathematics (B. Adams, 2008; Kaufmann, 2008; Tourniaire & Pulos, 1985). Educators and 
other professionals should expect to hear passionate arguments from adolescents that reflect 
idealistic yet unrealistic notions about how society should operate. 

Piaget’s stages also provide guidance about strategies that are apt to be effective in 
teaching children of different age levels. For instance, given the abstract nature of historical 
time, elementary school teachers planning history lessons should probably limit talk about 
specific dates in favor of active investigations into people’s motivations, conflicts, and accom- 
plishments (Barton & Levstik, 1996; Levstik, 2008). Especially in the elementary grades (and 
to a lesser degree in middle and high school), instructors should find ways to make abstract 
ideas more concrete for their students. As one example, a third-grade teacher, realizing that 
the abstract concept of place value might be a difficult one for 8- and 9-year-olds, showed 
her students how to depict two-digit numbers with blocks, using ten-block rows for the num- 
ber in the tens column and single blocks for the number in the ones column. 


e Present situations that children cannot easily explain using their existing understandings. 
Events and information that conflict with youngsters’ current understandings create 
disequilibrium that may motivate them to reevaluate and perhaps modify what they “know” 
to be true (e.g., M. G. Hennessey, 2003; Pugh, 2011; C. L. Smith, 2007; Vosniadou, 2009). For 
instance, if they believe that “light objects float and heavy objects sink” or that “wood floats 
and metal sinks,” an instructor might present a common counterexample: a metal battleship 
(floating, of course) that weighs many tons. 


e Use familiar content when asking children to reason in sophisticated ways. Earlier we 
presented evidence to indicate that children and adolescents display more advanced reason- 
ing skills when they work with topics they know well. With such evidence in mind, teachers 
and other practitioners might ask young people to do the following: 


* Conserve liquid within the context of a juice-sharing task. 

e Separate and control variables within the context of a familiar activity (perhaps fish- 
ing, designing a paper airplane, or using various combinations of ingredients in baking 
cookies). 

* Consider abstract ideas about subject matter that has already been studied in depth in a 
concrete fashion (e.g., introducing the concepts inertia and momentum to explain such 
everyday experiences as throwing a ball and driving quickly around a sharp curve). 


e Informally assess the individual strategies that children use when attempting to solve 
problems. Observing the learning procedures and struggles of individual children is an im- 
portant feature of constructivist teaching. The Neo-Piagetians have made an especially good 
case for determining and adjusting to the particular challenges that children face as they 
work on problems. Teachers might find that children have a preestablished idea about a 
task (e.g., mistakenly assuming that the arithmetic problem 4 + __ = 7 requires them to add 
the two numbers, thus writing “11” as the answer); have an inadequate memory capacity to 
complete the task (e.g., remembering only a few steps in a teacher’s lengthy verbal instruc- 
tions); misinterpret the requirements of a problem (e.g., not realizing that “=” in mathematics 
means “make the same”); and do not have the constituent skills (e.g., submitting the wrong 
answer on a long-division problem because of simple errors in subtraction) (Case, 1980; 
Morra et al., 2008). Once teachers determine children’s abilities and difficulties, they can 
tailor their assistance accordingly, perhaps instructing children in missing skills or alleviating 
the memory load. 


e Plan group activities in which young people share their perspectives with one another. 
As noted earlier, Piaget proposed that interaction with peers helps children realize that oth- 
ers often view the world very differently than they themselves do and that their own ideas 


ARTIFACT 2 Thirty-four. 


Eight-year-old Noah uses rows 
of 10 squares and single squares 


to depict the number 34. 
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sociocognitive conflict 

Situation in which one encounters 
and has to wrestle with ideas 

and viewpoints different from 
one’s own. 
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are not always completely reasonable. Interactions with age-mates that involve differences of 
opinion—-situations that create sociocognitive conflict—can cause disequilibrium that may 
spur children to reevaluate their current perspectives. 

Many contemporary psychologists share Piaget’s belief in the value of sociocognitive 
conflict. They have offered several reasons why interactions with peers may help promote 
cognitive growth: 


* Peers speak at a level that children can understand. 

e Whereas children may accept an adult’s ideas without argument, they are more willing 
to disagree with the ideas of their peers. 

e When children hear competing views held by peers—individuals who presumably 
have knowledge and abilities similar to their own—they may be motivated to reconcile 
the contradictions. (Damon, 1984; De Lisi & Golbeck, 1999; C. Howe, 2009; Murphy & 
Alexander, 2008; Rubin, Bowker, & Kennedy, 2009) 


When sharing their views with one another, however, children can also acquire misinfor- 
mation (Good, McCaslin, & Reys, 1992). It is essential, then, for teachers to monitor group 
discussions and correct any misconceptions or misinterpretations that youngsters may pass 
on to their peers. 


Although children learn a great deal from their interactions with others, cognitive 
development is, in Piaget’s theory, largely an individual enterprise: By assimilating and 
accommodating to new experiences, children develop increasingly advanced and integrated 
schemes over time. Thus Piaget’s perspective depicts children as doing most of the mental 
“work” themselves. In contrast, Lev Vygotsky’s theory places much of the responsibility for 
children’s development on the adults in their society and culture. We turn to this theory now. 


VYGOTSKY’S THEORY OF COGNITIVE DEVELOPMENT 


Whereas Piaget had a background in biology, Russian psychologist Lev Vygotsky 
(1896-1934) had early training in law, history, philosophy, literature, and education. 
Vygotsky was deeply influenced by Karl Marx’s proposal that historical changes in soci- 
ety have a significant impact on how people think and behave. And like Marx’s colleague 
Friedrich Engels, Vygotsky saw much value in the use of tools for moving a society forward 
(M. Cole & Scribner, 1978; Gredler & Shields, 2008; Vygotsky, 1997e). A variety of tools influ- 
ence thinking, many of which are tangible, including paper, the alphabet, writing utensils, 
books, and in today’s industrialized societies, computers, calculators, cell phones, and an 
increasing array of other educational and recreational technologies. In Vygotsky’s mind, 
however, cognitive entities—concepts, theories, problem-solving strategies, and so on—are 
also influential tools. 

Vygotsky believed that the adults in any society foster children’s learning in an intentional 
and somewhat systematic manner. In particular, adults engage children in meaningful and 
challenging activities, show them how to use various physical and cognitive tools to facilitate 
their performance, and help them make sense of their experiences. Because Vygotsky 
emphasized the importance of adult guidance in promoting cognitive advancements— 
and more generally because he emphasized the influence of social and cultural factors in 
children’s cognitive development—his perspective is known as a sociocultural theory. 

With the assistance of his students, Vygotsky conducted numerous studies of children’s 
thinking from the 1920s until his early death from tuberculosis in 1934. In his major writ- 
ings, he typically described his findings only in general terms, saving the details for technical 
reports that he shared with the small number of research psychologists working in Russia 
at the time (Kozulin, 1986). However, Vygotsky wrote persuasively about the qualities of 
research that should be included in order for scientific progress in cognitive development to 
take place. According to Vygotsky, research with children should have a coherent theoreti- 
cal foundation instead of being based in a hodgepodge of ideas, it must focus on essential 
mental processes rather than on isolated responses, and it ideally examines developmental 


